Yeast cells must segregate sister chromosomes to the opposite sides of the bud neck during mitosis. A pathway has been identified, involving a small GTPase, which prevents the onset of cytokinesis until one of the spindle poles has migrated into the bud.
In order for genetic information to be stably transmitted during cell division, the replicated chromosomes must be partitioned equally between the two progeny cells during each round of mitosis. This is accomplished by the segregation of sister chromosomes in opposite directions, followed by the physical division of the cell between the two chromosome sets. But how does a cell know where and when to divide in order to ensure that both daughter cells inherit a full genetic complement?
In animal cells, the cleavage plane is positioned according to the position of the mitotic spindle: an actomyosin-based contractile ring is assembled around a plane equidistant between the two spindle poles, towards which the chromosomes are segregated [1] . In the budding yeast Saccharomyces cerevisiae, however, spindle and cell-division positions must be coordinated differently, because these cells always divide at the neck of the bud which emerges early in the cell cycle, before the spindle actually forms (Figure 1 ). Spindle assembly occurs in the mother cell while the bud grows; then one of the spindle poles is 'dragged' across the bud neck and the spindle adopts an orientation roughly parallel to the mother-bud axis. In this way, elongation of the spindle leads to segregation of sister chromosomes to the opposite sides of the bud neck.
Much has been learned about how the spindle is moved and oriented during mitosis of budding yeast -particularly about the molecular interactions that connect astral microtubules, upon which the pulling force is generated, and the cortex of the bud [2, 3] . It remains an open question how cells monitor the success of this event before making the final decision to divide. Several recent papers [4] [5] [6] [7] [8] -two in this issue of Current Biology [7, 8] report evidence that Tem1p, a Ras family GTPase, acts as a key sensor for the correct positioning of the mitotic spindle during division of budding yeast cells.
Tem1p was previously identified as a protein required for the completion of anaphase. Tem1-deficient cells arrest in anaphase with a fully elongated spindle and segregated chromosomes [9] . Mutations in several other proteins, including four protein kinases, cause a similar phenotype [10] . Genetic analyses showed that these proteins form a 'mitotic exit network' that regulates the release of the protein phosphatase Cdc14p from the nucleolus [11] [12] [13] . The major role of Cdc14p in the completion of anaphase is to dephosphorylate Cdh1p, required for the degradation of the mitotic cyclins, and Sic1p, an inhibitor of the yeast cyclin-dependent kinase Cdc28p [14] [15] [16] . Because dephosphorylation is required for the activity of these Why do cells use such an intricate regulatory network to control the final completion of mitosis, a point where the most important event -chromosome segregation -has already been accomplished? A clue came from studies of the cellular location of mitotic exit network proteins. Two mitotic exit network kinases, Cdc15p and Cdc5p, were found to localize to both the spindle pole bodies and the bud neck [17, 18] . Recently, it was reported that Tem1p is also spindle-pole-body-associated -but it is associated preferentially with the spindle pole body that migrates into the bud [4, 6] .
Most interestingly, Lte1p, a potential nucleotide exchange factor that converts Tem1p into the GTP-bound form, is localized only in the bud prior to nuclear migration [4, 6] . These localization patterns suggest that, if GTP-bound Tem1p is the active form, then the protein would only be activated when the Tem1p-containing spindle pole body enters the bud. Genetic analyses have suggested that Tem1p is near the top of the mitotic exit network pathway [9, 11, 19] , so position-dependent Tem1p activation is an elegant way of ensuring that cells only exit mitosis and initiate cytokinesis when one of the spindle pole bodies is in the bud. Support for this model came from experiments using a dynein mutant, dyn1∆, which is defective in orientating the spindle [2] . A fraction of dyn1∆ cells segregate the chromosomes within the mother, and these cells exhibit an anaphase arrest [20] . Bardin et al. [4] found that Cdc14p is retained in the nucleolus in dyn1∆ cells where anaphase occurred in the mother, explaining the cell-cycle arrest. But when Lte1p was forced to be present in both the mother cell and the bud of the dynein mutant, Cdc14p was released from the nucleolus even of those cells where the spindle was retained in the mother, and the cells underwent cytokinesis, generating binucleate and anucleate daughters (Figure 3 ).
Two negative regulators also play important roles in this regulatory system: Bub2p and Bfa1p (also known as Byr4p) [21] . Yeast mutants deficient in these proteins grow well under normal conditions, but fail to undergo cell-cycle arrest in the presence of microtubule inhibitors. Careful analysis showed that Bub2p and Bfa1p are part of a mitotic checkpoint pathway, distinct from the one consisting of Mad1-3, Bub1 and Bub3 proteins that monitors attachment of kinetochores to spindle microtubules. These results also indicate that there is a Lte1p-independent guanine nucleotide exchange activity in the mother cell that must be antagonized by the Bfa1p-Bub2p complex. Interestingly, Bfa1p and Bub2p are also required for the G2/M arrest caused by the cdc13-1 mutation [8] .
Mutant cdc13-1 cells accumulate single-stranded DNA, which activates the DNA damage checkpoint. Thus, it appears that the DNA damage checkpoint also involves delaying activation of the mitotic exit network. This may be explained by the observation that the nucleus stays in the mother in cdc13-1 mutant cells.
The results described above clearly indicate that entry of one of the spindle pole bodies into the bud is required for activation of Tem1p; it is unlikely, however, that bud entry is sufficient to activate the Tem1p-dependent pathway for mitotic exit, because the spindle often enters the bud neck early during anaphase, a time when cell division could be disastrous. Consistently, Cdc14p only appears to be released from the nucleolus in cells with fully elongated spindles [12, 13] . This problem might be resolved by the finding that Lte1p is concentrated near the bud cortex [6] : it is possible that Tem1p is only activated when one of the spindle pole bodies is close to the bud cortex. Because the spindle is oriented along the mother-bud axis through attachment of astral microtubules to the tip region of the bud, the bud spindle pole body is likely to be near the cortex only when the chromosomes have segregated to the vicinity of the bud tip, a time when cytokinesis can proceed without any danger of chromosome loss. If this is true, then Tem1p would be activated around anaphase completion. This possibility is appealing, because at least one of the mitotic exit network kinases, Dbf2p, is known to be activated very late in the cell cycle, and this activation occurs downstream of Tem1p as it is delayed when the Bub2-dependent checkpoint is activated [23] .
Further support for the view that the mitotic exit network triggers cytokinesis on completion of anaphase has come from studies of the homologous pathway in the fission yeast, Schizosaccharomyces pombe. Fission yeast homologs of mitotic exit network proteins are required specifically for the onset of actomyosin ring constriction and septum formation [24] . For example, mutants defective in the Spg1p, a close homolog of Tem1p, can assemble a contractile ring but fail to undergo cytokinesis. Interestingly, this pathway is not required for degradation of the mitotic cyclin, and consequently the nuclear cycle does not arrest in the corresponding mutants [25] . The intracellular localization patterns for Spg1p and its downstream components are similar to those of their budding yeast counterparts [24] .
In fission yeast, the mitotic spindle and the contractile ring assemble around the same time in the cell cycle and at the same position as defined by the nucleus [26] , so it is unlikely that activation of the Spg1p pathway depends on an event similar to spindle entry into the bud in S. cerevisiae. Sid2p, a protein kinase similar in sequence to Dbf2p that acts at a late step in the Spg1p pathway, was found to localize first to the spindle pole body, but it moves to the cell-division site at the completion of anaphase and onset of actomyosin ring constriction [27] . This observation strongly suggests that Sid2p plays a role in triggering cytokinesis.
If the Tem1p-dependent pathway shares a function with the Spg1p pathway in regulating the onset of cytokinesis in response to anaphase completion, it is possible that such a pathway also exists in organisms other than yeast.
Proteins that show sequence similarity to Cdc14p, Dbf2p and Bub2p have indeed been found in metazoans [28] [29] [30] . It has been shown in cultured cells that a non-degradable form of cyclin B inhibits cytokinesis without affecting anaphase progression [31] , and that physically placing the spindle poles close to the cortex can overcome this inhibition in sand dollar embryos [32] , suggesting that the spindle poles in higher cells also play a role in triggering cytokinesis, although in that experiment the spindle Dispatch R783 pole-cortex interaction appeared to activate a step downstream from cyclin degradation. The precise nature of the signal that arises at the completion of anaphase and triggers cytokinesis is a key piece of the puzzle missing in each of the experimental systems discussed above.
